behavioural lateralization comb colour domestic chicken Gallus gallus domesticus long-term effect maternal testosterone prenatal testosterone exposure rank order short-term effect testosterone level
Competing for food by altricial and semiprecocial bird nestlings is a behaviour well known for its sensitivity to maternal androgens during prenatal development. Whether a similar effect is present in precocial species that do not beg is less well known. We therefore increased yolk testosterone levels within the physiological range at the onset of incubation to study its effects on food competition behaviour in the domestic chicken, Gallus gallus domesticus. We found an increase in competitiveness in testosterone-treated male domestic chicks, raising their level to that of the females. This is in line with the decrease in circulating plasma levels of males in the direction of the levels in females, and the overall decrease in androgen receptor densities after prenatal treatment as found previously. Hormones are known to have long-lasting organizing effects on behaviour and to affect sexual differentiation in vertebrates. Although research into hormone-mediated maternal effects has been productive, only a few studies describe (the ambiguous) effects into adulthood. Therefore we followed our animals into adulthood and recorded androgen-dependent social behaviour and secondary sexual characteristics, body mass and circulating plasma testosterone levels and checked whether these variables were treatment dependent. Treatment had a near significant effect on comb colour (both brightness and chroma). Again treatment caused a shift towards a more female-like phenotype. This suggests that, in contrast to earlier suggestions, maternal androgens may interact with (but not disrupt) sexual differentiation of brain and behaviour and the development of secondary sexual characteristics. Exposing offspring to hormones during early development is generally interpreted as a way for mothers to adjust their offspring's phenotype to the prevailing environmental conditions to maximize fitness (Groothuis et al. 2005) .
Much research on these hormone-mediated maternal effects makes use of bird species, because bird embryos develop outside the mothers' body in a sealed environment that allows for easy measuring and manipulation of prenatal exposure to steroid hormones. Effects of varying levels of maternal testosterone (T) in egg yolk have received most attention. This focus on T is caused by the finding that egg yolks contain maternally derived androgens (Schwabl 1993) that vary systematically within and between clutches (Groothuis et al. 2005; Gil 2008; von Engelhardt & Groothuis 2011) .
Prenatal exposure to T is important since increased yolk T levels can affect important traits in altricial and semiprecocial chicks such as competition, for example begging for parental food provisioning and aggressive behaviours, growth, immunity and survival (Schwabl 1996; Strasser et al. 1998; Eising et al. 2003; Groothuis et al. 2005; von Engelhardt et al. 2006; Rubolini et al. 2006b; Muller et al. 2006 Muller et al. , 2009a Gil 2008; von Engelhardt & Groothuis 2011) . Several of these effects of yolk T are sex specific; for example in zebra finches, Taeniopygia guttata, yolk T affected female but not male begging and growth (von Engelhardt et al. 2006) and in the domestic canary, Serinus canaria domestica, it increased posthatching growth in females, but decreased it in males (Muller et al. 2008 (Muller et al. , 2009b .
Begging behaviour in altricial and semiprecocial species in particular has received much attention. Such chicks are dependent on their parents for food and compete with siblings for parental
